Conjunctival melanoma is a rare malignant condition of the ocular surface. It is potentially lethal, with regional lymph node spread often preceding distant solid-organ metastasis. Due to its rarity and the long latency between treatment and local recurrence or the development of metastases, it is difficult to study. The literature is composed entirely of case series of varying quality, and there is significant variability in the management of this condition. This commentary attempts to distil the evidence base to provide practical management tips for the clinician.
INTRODUCTION
Conjunctival melanoma, which is potentially life-threatening, accounts for 12% of referrals to an ocular oncology service [1] . Its incidence appears to be increasing. A sevenfold increase in its incidence was found in Sweden between 1960 and 2005, to approximately 0.6 cases/ million/year [2] . A similar change was found in Finland with an increase from 0.4 to 0.8 cases/ million/year, as well as in the USA [3, 4] . This may be due to increased ultraviolet light exposure and corresponds with a comparable increase in the incidence of cutaneous melanoma [4] . It is more common in Caucasians, the elderly and men [2, 3, 5] . Its most frequent clinical presentation is as an enlarging, pigmented nodular or thickened bulbar conjunctival lesion [6] . It can, however, affect any location of the cornea, bulbar or tarsal conjunctive and lid margin. Non-typical tumours, such as amelanotic lesions, can pose a significant diagnostic dilemma and be diagnosed late [7] . Conjunctival melanoma can arise de novo, from primary acquired melanosis (PAM) or from a conjunctival naevus [5, 6, 8] .
The diagnosis and management of PAM and conjunctival melanoma are controversial; its rarity and long follow-up required make clinical trials difficult, and there is significant variation between centres. For example at least three different terms have been proposed to describe acquired conjunctival pigmentation with dysplastic melanocytes. Of these, 'PAM' is the earliest described and most widely adopted term, and is used at our institution [9, 10] . However, Ackerman argued that PAM should be called 'melanoma in situ', similar to lentigo maligna of the skin [11] . Damato and Coupland proposed the term 'conjunctival melanocytic intraepithelial neoplasia', or C-MIN, with a 10-point pathological grading based on three factors: melanocyte proliferation, depth of invasion and degree of cellular atypia [12] . In addition, the evidence base for the management of PAM and conjunctival melanoma offers little more clarity. The literature is confined to case series. There are no comparator studies. Moreover, the natural history of PAM and conjunctival melanoma is that the disease often recurs and metastasises late. Many of the published case series do not have adequate follow-up to reflect this. This commentary aims to critically appraise the literature and provide a guide to the clinical management of PAM and conjunctival melanoma. This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.
MANAGEMENT ISSUES IN CONJUNCTIVAL MELANOMA
What is the Optimal Treatment of PAM?
PAM appears clinically as a unilateral, acquired area of conjunctival pigmentation. It occurs most commonly in Caucasians in the sixth decade of life [13] . Up to 75% of all conjunctival melanomas arise from PAM, but they have better prognosis than those arising de novo [6] . The extent of the conjunctiva involved by PAM is the most important clinical risk factor for development of conjunctival melanoma; For example PAM that involves 4 and 12 clock hours of conjunctiva is 7 and 20 times more likely, respectively, to develop melanoma than lesions involving 1 clock hour [13] . Full-thickness biopsy, incisional or excisional, is required to rule out invasive melanoma and assess degree of atypia [14] . Cases of PAM with no or mild atypia almost never transform into melanoma, whereas 13-46% of cases with severe atypia do so [13, 15, 16] .
There is considerable heterogeneity in the management of PAM. Some groups treat PAM aggressively. A described treatment algorithm depends on the degree of conjunctiva involved. If less than 2 clock hours of conjunctiva is involved, close clinical monitoring is felt to be appropriate. For PAM lesions of 2-5 clock hours of conjunctiva, excisional biopsy and cryotherapy to conjunctival edges are advocated. For lesions greater than 5 clock hours, wide incisional biopsy and cryotherapy to all remaining conjunctival pigmentation are performed [10, 13, 17, 18] . At the other end of the spectrum, some groups advocate clinical monitoring for all patients with areas of acquired flat conjunctival pigmentation, and biopsy only if there are clinical features consistent with melanoma such as conjunctival thickness, intrinsic vascularity, feeder vessels and progression, or multiple risk factors for melanoma development such as intense dark appearance, corneal involvement and palpebral location [19] . We subscribe to this more conservative approach, especially as the pigmentation of PAM may spontaneously 'wax and wane', appearing more pigmented as daylight hours increase. In addition, multiple surgery and cryotherapy procedures can lead to excess conjunctival and corneal scarring, resulting in discomfort, restricted eye movement and reduced vision.
The treatment options for PAM are surgical excision, cryotherapy and topical mitomycin C (MMC) [10] . However, no trials have demonstrated that treatment prevents recurrence of PAM or its progression to conjunctival melanoma. Practice patterns are largely formed based on clinical experience. Recurrence rates of PAM with atypia after primary treatment with topical MMC are up to 38% (three of eight patients), as was found in a case series with mean follow-up of 81 months [20] . Care must be taken in interpreting the results of other case series with shorter follow-up, such as that of Fruch-Pery et al. [21] which found PAM recurrence in only 1 of 12 patients treated with topical MMC but with a mean follow-up of 24 months, as recurrences of PAM can take many years to occur [22] . Similarly, recurrence rates of PAM with severe atypia after surgery and cryotherapy are 50% in eyes with at least 3 years of follow-up [13] . In the Shields series, which is the largest to date, employing their treatment strategy outlined above, no difference was found in the rates of PAM lesions progressing to conjunctival melanoma at 5 and 10 years when comparing eyes that were initially observed with those that were initially managed surgically [13] . It is true that the lesions that were initially observed were smaller than those that were initially biopsied in that series, and therefore should have had a lower rate of developing conjunctival melanoma [13] . However, extensive surgery and topical chemotherapy are not without risks.
Our approach to suspected PAM is as follows:
1. Full-thickness biopsy in all patients at baseline:
• If a small conjunctival area is involved and surgical morbidity is likely low: excisional biopsy • If a large conjunctival area is involved: mapping biopsies 2. Further management depends on the degree of atypia found:
• No atypia: discharge for local follow-up • Atypia of any grade: follow up at an ocular oncology service every 6 months lifelong with clinical examination and slit-lamp photography:
-If an area subsequently becomes suspicious for conjunctival melanoma, excisional biopsy and cryotherapy to conjunctival edges (see below)
• Invasive melanoma: treatment as for melanoma (see below)
What is the Optimal Management of Circumscribed Conjunctival Melanoma?
Conjunctival melanoma is potentially lethal. Metastasis is most commonly begin in the regional lymph nodes, i.e. the submandibular and preauricular lymph nodes, but approximately 25% of patients will develop distant metastases with no concurrent regional lymph node disease [23] . Unlike uveal melanoma, where, in 90% of cases, distant solid-organ metastatic disease begins in the liver, conjunctival melanoma shows no strong predilection for any particular organ [24] . It spreads more commonly to the lungs, liver and brain, but also to the peritoneum and skin, amongst other sites [8, 23, 25, 26] . Therefore, it is important to undertake staging and surveillance for conjunctival melanoma. This is discussed in the section on sentinel node biopsy. Conjunctival melanomas arising de novo have higher metastatic rates than those arising from naevi or PAM [6] . Other risk factors for spread include non-bulbar conjunctival location (in particular medial and caruncular), thickness greater than 2 mm, ulceration on the tumour surface and local recurrence [8, 13, 23, [27] [28] [29] [30] . Recent studies also suggest that tumour genetics are important in the development of metastatic disease. Larsen et al., in a retrospective review of 139 patients from Denmark, found that tumours with BRAF mutations were eight times more likely to metastasise than those without (32% versus 4%) [26] . Conjunctival melanoma has 5-and 10-year tumour-related mortality of 12-19% and 23-39%, respectively [2, 5, 8, 23, 29, 31, 32] . In 1997, Shields et al. described a surgical technique that has been widely adopted for resection of circumscribed conjunctival melanoma [33, 34] . It consists of wide local excision using a 'no-touch technique'. Corneal disease is removed after alcohol epitheliectomy. The target conjunctival margin is 5 mm from the tumour edge, and partial-thickness lamellar sclerectomy is performed starting 2-3 mm from the tumour. Cryotherapy is applied to the conjunctival margins, and reconstruction is performed with new instruments [33, 34] . Local tumour recurrence occurs in 18-35% of patients after using these techniques [5, 32] . Over the past 15 years, there has been a shift to performing less-invasive surgery to reduce ocular morbidity. This includes smaller conjunctival margins and avoiding lamellar sclerectomy unless the tumour is firmly adherent to the sclera. Cryotherapy to the conjunctival margins, however, remains crucial in the surgical treatment of conjunctival melanoma. It significantly reduces rates of local recurrence and should be used in all patients with suspected conjunctival melanoma [26, 35] . The reason for this shift in surgical technique is the lowered recurrence rates that have occurred with increased uptake of adjuvant therapies, particularly adjuvant radiotherapy [30, 36] . Incisional biopsies are associated with higher rates of recurrence, metastasis and death [25] . They are not recommended in patients with suspected conjunctival melanoma.
Radiotherapy for conjunctival tumours was first described by Treacher-Collins in 1917 [37] . It is now commonly used as adjuvant therapy after excisional biopsy and cryotherapy for patients with invasive conjunctival melanoma throughout Europe and in Australia [29, 30, 35, 36, [38] [39] [40] [41] [42] [43] . It has not been as widely adopted in North America, except for advanced disease with poor prognosis [10, 44] . Radiotherapy can be delivered by using a strontium applicator [38] , ruthenium [30] or iodine plaque [36, 41, 43] , or as external-beam radiotherapy [42] . There are no randomised controlled trials of adjuvant radiotherapy following surgical excision of conjunctival melanoma. However, a retrospective audit of 76 patients treated in Liverpool found a significant decrease in rates of local recurrence after introducing routine ruthenium plaque brachytherapy following surgical excision and cryotherapy of all conjunctival melanomas, including those completely excised on histopathological review of surgical margins. Their 5-year local recurrence rate fell from 24% to 5% [30] . In a retrospective case series of 19 patients, Karim and Conway applied iodine plaque brachytherapy for early conjunctival melanoma showing invasion of the substantia propria of up to 1.5 mm, after limited surgical resection and cryotherapy. They found no local recurrence at mean followup of 43 months, although there were new melanomas at different sites in three patients [36] . At our institution, we use a strontium applicator which delivers beta radiation. The advantages of the strontium applicator are that it does not require a surgical procedure or general anaesthetic to insert or remove a plaque and that it can be easily performed in a radiation-controlled, outpatient setting under topical anaesthesia. We apply a total dose of 50 Gy fractionated over 5 days. The indication for its use in our department is incomplete excision at the deep surgical margin on histopathological review [38] . Using the less-invasive surgical technique routinely performed in our department, disease-free deep surgical margins of bulbar conjunctival melanomas are rare, and almost all patients proceed to strontium radiotherapy. Using this indication, we have reported a recurrence rate of 10% with median follow-up of 59 months. This higher rate of recurrence as compared with Damato et al. may be due to selection bias, as all patients who received strontium radiotherapy in our department had incomplete excision at the deep margin and therefore a higher risk of local recurrence. Side effects following strontium-90 beta radiotherapy were limited to mild dry-eye symptoms; no patient developed a radiationinduced cataract, scleral melt or anterior segment neovascularisation [38] , indicating significantly less side effects compared with other radioactive sources [30, 36] .
The role of topical chemotherapy for conjunctival melanoma is controversial and evolving [22, 45] . It has the advantage of being able to treat the entire conjunctival surface and is, therefore, theoretically suited to patients with extensive or multifocal PAM or recurrent conjunctival melanoma. Evidence for the use of topical interferon-a2b (IFN-a2b) and 5-fluorouracil, which are commonly applied in the management of ocular surface squamous neoplasia, is limited. Topical IFN-a2b has been used as an adjuvant after surgical resection and cryotherapy with or without positive histopathological margins, if patients have been intolerant to, or failed, topical MMC [46] [47] [48] . However, the case series are small and the indications for its use vary. Caution should be exercised in interpreting them.
The most widely investigated topical chemotherapy for patients with conjunctival melanoma is MMC 0.04%. It has been used in non-comparative case series as primary or adjuvant therapy for conjunctival melanoma, particularly in the setting of coexistent PAM with atypia [8, 20, [49] [50] [51] . The largest series was reported by Ditta et al. [49] , including 15 patients with conjunctival melanoma arising from PAM who received three cycles of MMC 0.04% QID for 1 week on and 1 week off after wide local excision with cryotherapy [49] . Five of 15 (33%) had local recurrence with median follow-up of 24 months, and the 5-year estimated recurrence rate was 39% [49] . Common complications after MMC are keratopathy, ocular irritation and limbal stem cell deficiency, although reported rates of long-term complications vary from zero, to up to 80% [49, 52] . MMC 0.04% does not readily penetrate the basement membrane, and subepithelial disease, in particular nodular recurrences, is resistant [50, 51] . A common issue in interpreting recurrence rates reported in series of conjunctival melanoma arising from PAM is whether the recurrence is a new lesion at a new location of coexistent PAM or recurrent disease at the same location. It will be important for future studies to clearly delineate these so that the role for adjuvant topical chemotherapy can be better defined.
Our preference for lateral conjunctival margin control is surgical excision with cryotherapy. We use topical MMC 0.04% as adjuvant therapy if a patient has coexistent, extensive or multifocal PAM with atypia after excision and cryotherapy of a conjunctival melanoma, or in recurrent disease.
Our approach to circumscribed conjunctival melanoma is as follows:
1. Complete surgical resection and adjuvant double free-thaw cryotherapy using 'notouch' technique:
• Lateral conjunctival margins of 2 mm or more • Resection down to bare sclera, partialthickness lamellar sclerectomy only if lesion is firmly adherent to sclera • Cryotherapy to conjunctival margins and limbal sclera if adherent disease 2. Adjuvant treatment:
• Strontium applicator if surgical deep margins involved • Adjuvant mitomycin C 0.04% if conjunctival melanoma found in a patient with extensive or multifocal PAM with atypia, or in recurrent cases
What is the Role of Sentinel Lymph Node Biopsy?
Sentinel lymph node (SLN) biopsy is advocated as a means to detect micro-metastases in regional lymph nodes prior to being identifiable by clinical examination or imaging techniques, such as ultrasound, magnetic resonance imaging (MRI) or positron emission tomography (PET)-computed tomography (CT). The goal is to prevent more distant spread, as well as provide prognostic information [53] . Lymphoscintigraphy is used to identify the sentinel lymph nodes, which are then surgically removed by a head and neck or ear, nose, throat surgeon. If SLN is positive, radical lymph node dissection is recommended, as well as consideration of local radiotherapy or systemic chemotherapy [53] . Patients who are at high risk for regional spread are selected for SLN biopsy. The main indications are histological tumour thickness C 2 mm, histological tumour ulceration, non-limbal location and multiply recurrent disease in patients with extensive PAM [54, 55] . In these patients, 11-17% will have positive SLN biopsy [54] [55] [56] .
The major risk of SLN biopsy is facial nerve palsy if dissection is required in parotid region. In our prospective case series of 22 patients, only 1 had transient facial nerve palsy [55] . The risk can by reduced if the anaesthetist does not administer a muscle relaxant so that facial twitch, a sign of irritation of the facial nerve, can be noticed by the surgeon [55] . SLN biopsy should be performed by experienced surgeons with a low threshold to abandon the surgery if faced with complex anatomy or deep parotid dissection. False-negative rates have fallen with experience, and in our prospective case series there were none, although in 4 of 22 (18%) patients the SLN could not be located using the technetium-99 probe [55] . The number of patients treated with SLN biopsy for conjunctival melanoma is too small to derive information regarding its impact on distant metastasis or survival. However, SLN biopsy is validated by the improved disease-free survival for patients with cutaneous melanoma found in the Multicenter Selective Lymphadenectomy Trial-1, providing proof of concept for its potential role in the management of conjunctival melanoma [57] .
What is the Role of Immunotherapy?
Conjunctival melanoma has many genetic features in common with cutaneous melanoma, as opposed to uveal melanoma [58, 59] . In particular, 23-50% will have BRAF mutations [26, [60] [61] [62] . Conjunctival melanomas with BRAF mutations appear to be more likely to metastasise [26] . In cutaneous melanoma, activation of the mitogen-activated protein kinase (MAPK) pathway via somatic mutations in BRAF is present in 40-60% of cases [63] . BRAF mutations have been associated with worse prognosis in cutaneous melanoma, but immunotherapy with BRAF and MEK inhibitors has improved survival in non-resectable metastatic disease [64] . Similarly, these show great promise in conjunctival melanoma, although experience with this treatment to date is limited [65] [66] [67] .
Other immunotherapy agents which have begun to be used for non-resectable local and metastatic disease are checkpoint inhibitors, such as the anti-programmed cell death inhibitors (PD1 inhibitors) nivolumab and pembrolizumab [68, 69] . When considering a PD1 inhibitor for non-resectable conjunctival melanoma to avoid orbital exenteration, possible systemic side effects including multi-organ failure should be fully discussed with the patient. Shared care with a medical oncologist is essential. Given the significant improvement in the treatment of metastatic cutaneous melanoma with immunotherapeutic agents and the genetic similarities between conjunctival and cutaneous melanoma, there is great hope that immunotherapy will have similar results in conjunctival melanoma.
CONCLUSIONS
This commentary highlights our approach to the clinical management of patients with conjunctival melanoma, with a critical appraisal of the evidence base. Much controversy and difference in practice patterns exist in this field. Treatment strategies should be adapted to the individual patient's needs. Future multi-centre comparative clinical trials would be of significant benefit in answering the management issues discussed in this commentary. Editors (ICMJE) criteria for authorship for this article, take responsibility for the integrity of the work as a whole, and have given their approval for this version to be published.
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